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REPORT ON 


One of the many examples of highway overpass collapses. 





THE SAN FERNANDO EARTHQUAKE 


A destructive earthquake struck 
the San Fernando, Calif., area on 
February 9, 1971, causing 64 deaths 
and one-half billion dollars damage. 
This Richter magnitude 6.6 shock 
was not a great earthquake, but it 
occurred in an area with a concen- 
tration of large and costly public 
facilities which sustained severe 
damage. Within 24 hours a team of 
NBS specialists was on the scene to 
record and report on_ structural 
damages. Dispatched at the request 
of the White House Office of Emer- 
gency Preparedness, four members 
of the NBS Building Research Divi- 
sion examined and photographed 
homes, schools, hospitals, roads, 


May 1972 


bridges, public services, and flood- 
control facilities. A major report 
summarizing their findings, and in- 
cluding some recommendations to 
minimize future earthquake 
damage, is now available.! 

After careful study of the San 
Fernando area, the engineers 
agreed that present procedures 
used to update design regulations 
should be evaluated to find more ex- 
peditious ways to incorporate new 
knowledge into design. At the Olive 
View Medical Center, for example, 
the Psychiatric Unit collapsed, they 
believe, because of insufficient 
first-story column shear strength. 
The stresses used in the design 


were based on an older building 
code. Had those incorporated in a 
1966 code been applied, which 
require the use of additional lateral 
reinforcement in the columns, the 
collapse could possibly have been 
prevented. 

The team recommends _ that 
evaluation of the earthquake hazard 
of structures built under old build- 
ing codes should begin immediate- 
ly. This is particularly important for 
critical public buildings. They cite 
the collapsed San _ Fernando 
Veterans Administration Hospital 
buildings which were built before 
the existence of earthquake 
requirements. Critical —_ public 
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buildings should be scheduled for 
rehabilitation or removal. Design 
requirements of hospitals, emergen- 
cy services such as fire and police, 
utilities, communications, transpor- 
occupancy buildings should reflect 
the importance of the facility and 
the degree of danger involved in its 
failure. 

Four hospitals in the area of the 
earthquake were unable to function 
because of damage. Water, sewage, 
gas, and electric facilities were 
severely damaged in the San Fer- 
nando Valley as were bridges im- 


portant as potential evacuation 
routes. Disrupted power and 
telephone’ switching equipment 


added to the seriousness of the 
situation. 

Deformation and deflection, as 
well as strength, should be con- 
sidered in earthquake-resistant 
design. This is illustrated by the 
horizontal and vertical movements 
which caused bridge girders to 
move off their supporting abut- 
ments and piers. Ground displace- 
ments must be studied carefully to 
determine appropriate magnitudes 
of movement which should be ac- 
counted for in design. 

Hazards of falling light fixtures, 
emergency lights, suspended 
ceilings and other overhead objects 
should also be given engineering 
consideration. 

It also calls for more adequate 
tying together of units where large 
openings in walls are provided for 
garages or entranceways as this was 
found to be a particular weak spot 
by the surveyors. Chimneys, too, 
should be adequately reinforced 
and anchored to the main structure. 
The report also calls for the 
development of improved methods 
for supporting mobile homes. 

The adequacy of present design 
requirements for the seismic design 
of dams should be reviewed, says 
the report, citing the near-failure of 
the Lower San Fernando Dam 
located above a densely populated 
residential area. All existing dams 
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Tipped stair tower at the end of the Olive View Hospital north wing. The towers on the 


other three wings toppled over. 


located close to a dense population 
should be examined for strength 
and stability due to ground faulting 
and acceleration. 

The report recommends flexible 
joints and automatic cut-off valves 
to forestall seepage of water and 
sewage into gas lines which may 
fracture during severe ground 
movements. Proper anchorage of 
heavy electrical equipment to struc- 
tural elemen s of a building is es- 
sential. 

Design of elevator systems should 
be reviewed to insure their opera- 
tion after a disaster. During the San 
Fernando earthquake, many eleva- 
tors were put out of commission. 
Had the quake occurred during 


hours of heavy use instead of 6 a.m., 
lives would have been endangered. 
Had fires occurred, the passengers 
of immobile elevators almost surely 
would have died. 

The report concludes that an ex- 
panded and improved seismograph 
network should be installed in 
public buildings in  earthquake- 
prone regions throughout the United 
States. Information provided by the 
strong-motion seismograph is the 
single best source of scientific data 
that can be used in post-earthquake 
studies of structure performance. 

' Engineering Aspects of the 1971 San Fernando 
Earthquake, NBS Building Science Series No. 40 (SD 
Catalog No. C13.29:40), may be purchased fer $3 a 


copy from the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 
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SOVIET METROLOGY TEAM VISITS NBS 


During the latter half of February 
1972, a four-man team of Soviet 
measurements experts spent 4 days 
in Gaithersburg and 2 in Boulder 
viewing Bureau facilities and activi- 
ties. This coming May a Bureau/in- 
dustry team will make a reciprocal 
visit to Russian metrological labora- 
tories. This is the second such 
exchange between the two coun- 
tries, the first having taken place in 
1963-64. Such reciprocal arrange- 
ments increase Soviet-American 
cooperation in the field of precision 
measurement, and develop better 
mutual understanding. 

It was the consensus of hosts and 
guests that closer cooperation 
between Russian and American 
standards laboratories is both possi- 
ble and desirable, and areas men- 
tioned for such cooperation in- 
cluded the following: 

1. Determination of fundamental 
constants 

2. Intercomparison of standards, 
coordinated through the Interna- 
tional Bureau of Weights and Mea- 
sures 

3. The general field of ionizing 
radiation 

4. Comparison of length, angle, 
and similar measurements 

5. Certification methods 

6. Industrial standard reference 
materials 

7. Interchange of personnel 

8. Interchange of publications. 

The Soviet delegation was 
headed by Dr. Boris M. Isayev, a 
nuclear physicist and Vice Chair- 
man of the State Committee on 
Standards, Measures. and Measur- 
ing Instruments. The Committee. 
which has the status of a ministry. 
maintains nine metrological in- 
stitutes and 350 calibration and 
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testing laboratories. It is responsi- 
ble for uniformity of measurements 
and compliance with engineering 
standards, which are mandatory in 
the Soviet Union, and has broad 
authority to develop and enforce 
product quality standards. 

Dr. Isayev is also the Soviet 
representative on the International 
Committee of Weights and Mea- 
sures (CIPM), where his American 
counterpart is NBS Director Lewis 
M. Branscomb. 

Other members of the Soviet 
team were Dr. G. P. Zedgenidze, 
Director, Tbilisi Institute of 
Metrology; Dr. Yu. A. Vdovin, 
Director, Sverdlovsk Institute of 
Metrology; and Dr. Yu. A. Atanov, 
Chief, High Pressure Section, All 
Union Research Institute of Mea- 
surements. 

Dr. Zedgenidze is the author of a 
book on applications of mathe- 
matics to metrology, and the in- 
stitute he heads does a great deal of 
work on the application § of 
cybernetics, mathematics, compu- 
tational techniques, and automation 
to metrology. 

The institute Dr. Vdovin heads 
serves the Ural region, with its 
highly developed mining and smelt- 
ing industries. Areas of concern in- 
clude standard reference samples, 
techniques for determining — the 
composition of substances, and 
measurement of high temperatures 
and large electric currents. 

Dr. Atanov, who speaks fluent 
English, was here in a dual capaci- 
ty: to investigate NBS work in the 
field of high-pressure measure- 
ments, and to assist in interpreting 
for the Soviet team. This is his third 
visit to the Bureau. 

The visitors were guests of the 


NBS Institute for Basic Standards, 
headed by Dr. Ernest Ambler, and 
NBS Director Emeritus Allen V. 
Astin acted as the official host for 
NBS. All arrangements, which in- 
cluded laboratory visits, intensive 
program discussions, and social af- 
fairs, were made by Dr. Barry N. 
Taylor, Chief of the NBS Absolute 
Electrical Measurements Section. 

An overview of NBS by Dr. Bran- 
scomb began the sessions, which 
concentrated on IBS, but included 
briefings and laboratory visits to the 
Institute for Materials Research, 
the Institute for Applied Technolo- 
gy, and the Center for Computer 
Sciences and Technology. Team 
members also visited two manufac- 
turers of high precision equip- 
ment— Weinschel Engineering 
Company of Gaithersburg, Md., and 
Leeds and Northrup Company of 
North Wales, Pa. 

Facilities viewed at Boulder in- 
cluded time and frequency, elec- 
tromagnetics, quantum electronics, 
and cryogenics laboratories. The 
guests also inspected Radio Station 
WWYV at Fort Collins, Colo. 

Dr. Isayev noted that the Soviet 
Union and the United States have 
many similar problems in the field 
of precision measurement which 
personnel interchanges could help 
to solve. Visits of less than 3 months 
would be appropriate for prear- 
ranged tasks, but for research, 
periods of up to 1 year would be 
needed. 

The concept of voluntary stan- 
dards was the subject of considera- 
ble discussion, as voluntary stan- 
dards are unknown in the U.S.S.R. 
The visitors were particularly in- 
terested in how such standards 

Continued on page 115 
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ABSOLUTE 


OF 
VISCOSITY 


Robert Penn examines interference fringes 
under sodium light to verify uniformity of 
dimensions before using channel to make an 
absolute viscosity measurement. The 
viscosity of the liquid flowing through this 
precisely dimensioned channel will be known 
from the pressure differential between 
pressure taps and from the temperature, 
which is carefully stabilized in a water bath. 


MEASUREMENT 


NBS COMPARES MEASUREMENTS BY NEW INSTRUMENTS 


Years ago, Bureau scientists 
recognized that systematic errors in 
absolute measurements of viscosity 
could be several times as great as 
measurement reproducibility, 0.1 
percent. They therefore recom- 
mended that at least two indepen- 
dent absolute methods of measuring 
viscosity be developed for apprais- 
ing the total uncertainty of viscosity 
measurements. 

In response, two new absolute 
viscometers were devised at the Bu- 
reau’s Institute for Basic Standards. 
They were subsequently used to 
measure the viscosity of liquids and 
the results were compared with 
each other and with those from 
earlier measurements.'?* A syste- 
matic difference of 0.5 percent, five 
times the total known uncertainties 
for either method, was _ found 
between the two measurements. No 
change in the accepted value for the 
viscosity of water, used in the 
calibration of relative viscometers, 
is suggested by these results. But 
whenever a “true” value of viscosi- 
ty is required, the uncertainty as- 
signed should be taken as no less 
than +0.25 percent. 


LONG-TERM VISCOSITY PROGRAM 


The currently accepted value for 
the viscosity of water, 1.002 cP 
(centipoise = 10-3 pascal second) at 
20 °C, was recommended in 1952 by 
J. F. Swindells, J. R. Coe, Jr., and T. 
B. Godfrey, after NBS research 
over a period of 20 years. Later, in 
1957, Elliot A. Kearsley pointed out 
that any unknown systematic error 


affecting contemporary measure- 
ments (most made in capillary 
viscometers) could be discovered 
only by comparisons with measure- 
ments made by other methods. NBS 
scientists considered alternative 
measurement schemes for apprais- 
ing systematic errors. Two new in- 
struments were devised and built as 
a result of this effort. 


VISCOSITY MEASUREMENT FROM 
CHANNEL FLOW 


The primary shortcoming of the 
capillary viscometer for absolute 
measurements is that the bore of 
the capillary tube is not uniform. 
This problem was overcome by Dr. 
Robert W. Penn and Dr. Kearsley, 
who assembled a flow channel from 
components of precisely known 
dimensions. The channel was 
formed by clamping together two 2- 
cm-diameter stainless-steel rods 
and a 2-cm-thick glass flat to 
produce a tri-cusped channel 1 
metre long. Four pressure-measure- 
ment taps were drilled through the 
glass flat in a corner of the channel 
cross section, a region of low 
velocity, a location minimizing 
disturbance of the flow. 

Flow control valves allow oil (a 
commercial grade of di(2-ethylhex- 
yl) sebacate) to flow through the 
channel at a controlled rate in either 
direction from a_ thermostatted 
standpipe, which maintains a con- 
stant-pressure head. A_ solenoid- 
operated diverter in the stream of 
oil exiting the channel permits ac- 
curately timed samples to be col- 
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Elliot Kearsley inspects height of liquid 
inside a hollow sphere that, when excited, 
will become a rotational pendulum, turning 
in first one direction and then the other. It 
can be used to make absolute viscosity 
measurements, the viscosity of the sample 
liquid being calculated from observed 
parameters, including the period of 
oscillation. 


lected. A fused-quartz Bourdon- 
tube pressure gage can be con- 
nected by valves to any one of the 
four pressure taps or to a dead- 
weight piston gage for calibration. 

The apparatus was used by mea- 
suring pressure differences and 
flow rate and substituting in an 
equation for kinematic viscosity 
that includes a geometrical constant 
for the channel. (The upper and 
lower bounds of this constant were 
calculated on a digital computer.) 
All measurements were related 
directly to the national standards of 
mass, length, and time and to the 
International Practical Tempera- 
ture Scale of 1948. 

The channel flow measurements 
yielded viscosity values correspond- 
ing to a viscosity of water of 1.001 
cP at 20 °C. The estimated total 
systematic error is 0.13 percent. All 
measurements were within +0.03 
percent of their mean and the coef- 
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ficient of variation of the measure- 
ments was 0.02 percent. 


VISCOSITY MEASUREMENT BY THE 
TORSIONAL PENDULUM 


The second new approach to ab- 
solute viscosity measurement, 
developed by Hobart S. White and 
Dr. Kearsley? makes use of a rota- 
tionally oscillating torsional pendu- 
lum, a hollow sphere hanging by a 
wire and filled with the fluid whose 
viscosity is to be measured. When 
the sphere is rotated slightly and 
released it oscillates through 
decreasing angular excursions. The 
viscosity of the fluid can be calcu- 
lated from either the period of the 
motion or the decrement of its am- 
plitude. Although the decrement 
had been used in most measure- 
ments to date, White and Kearsley 
took advantage of modern tech- 
niques of accurate time measure- 
ment to measure period instead. 

Many practical problems had to 
be solved in order to obtain a pen- 
dulum offering high reproducibility 
and accuracy of measurements. Ul- 
timately a seamless nickel sphere 
was electroplated on an aluminum 
form that had been fitted with 
nickel hubs. The aluminum was 
then dissolved by a caustic solution 
pumped through the sphere via the 
hubs and the exterior of the nickel 
sphere was then ground to a 
thickness of 0.085 inch and a 
nominal diameter of 10 cm. One 
hub was closed and a hollow stem 
with a sight glass bearing a fiducial 
line was inserted in the upper hub. 
The sphere was filled through the 
sight glass and placed in an oil bath 
thermostatted to 25.00 +0.01 °C 
until thermal equilibrium was at- 
tained. 

The sphere was used within a 
thermostatted chamber in which 
the air pressure was reduced to less 
than 0.2 mm of mercury and the 
temperature held at 25.00 °C. The 
rest-position crossings were sensed 
photoelectrically and the time inter- 
vals measured by an electronic 


counter calibrated against an NBS 
standard frequency. 

The oscillating sphere measure- 
ments yielded values corresponding 
to a viscosity of water of 1.006 cP at 
20 °C. The total systematic error 
that could be identified was 0.07 
percent and measurement variabili- 
ty was even less. 


COMPARISON OF MEASUREMENTS 


The values for the viscosity of the 
two fluids measured by the oscillat- 
ing pendulum and by the channel 
were compared and the two fluids 
were compared directly by means of 
a relative viscometer. The ratio for 
the compared values differs by 0.5 
percent from the ratio found by use 
of the relative viscometer. This dif- 
ference is 10 times the coefficient of 
variation of any of the measure- 
ments and about five times the esti- 
mate of maximum systematic error 
for either absolute measurement. 
Obviously, unidentified systematic 
error is present in one or both of the 
absolute measurement methods. 

An evaluation of the recent and 
earlier results was carried out by 
Dr. Robert S. Marvin.! His findings 
do not suggest a change in the value 
of 1.002 cP now used for the viscosi- 
ty of water at 20 °C in the calibra- 
tion of relative viscometers or in the 
uncertainty applicable in the com- 
parison of relative measurements. 
They do suggest that if a “true” 
value of viscosity is required, mea- 
suremenis from instruments 
calibrated in terms of the viscosity 
of water should be assigned an un- 
certainty of no less than +0.25 per- 
cent, 2 1/2 times the figure formerly 
assumed. 


' Marvin, R. S., The accuracy of viscosity measure- 
ments of liquids, J. Res. Nat. Bur. Stand. (U.S.), 75A, 
No. 6 (Nov-Dec. 1971), SD Catalog No. 
C13.22/sec.A:75. 

2 White, H. S., and Kearsley, E. A., An absolute deter- 
mination of viscosity using a torsional pendulum, J. 
Res. Not. Bur. Stand. (U.S.), 75A, No. 6 (Nov.-Dec 
1971). 

3 Penn, R. W., and Kearsley, E. A., An absolute deter- 
mination of viscosity using channel flow, J. Res. Nat 
Bur. Stand. (U.S.), 75A, No. 6 (Nov.-Dec. 1971). 

4 Swindells, J. F., Coe, J. R., Jr., and Godfrey, T. B., 
Absolute viscosity of water at 20 °C, J. Res. Nat. Bur 
Stand. (U.S.), 48, No. 1 ian. 1952) 
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PREPARING 


ULTRAPURE 





A sub-boiling distillation 
technique is being used at the Bu- 
reau to produce ultrapure reagents 
for use in trace metal analyses. 
Scientists in the Analytical Chemis- 
try Division have used _ the 
technique to remove metallic or ca- 
tionic impurities from inorganic 
acids and water.' In most cases, 
analysis of the purified reagents 
showed an impurity of less than one 
part per billion for each element 
determined. 

Because trace elements play an 
important role in many biological 
processes and are of increasing con- 
cern to environmentalists, their ac- 
curate analysis is of major im- 
portance. To obtain maximum infor- 
mation from samples it is necessary 
that the reagent blank be less than a 
few percent of the amount being 
measured. Therefore, the accurate 
determination of an element at the 1 
part per million (ppm) level, a com- 
mon requirement, depends on the 
availability of reagents containing 
less than 1 part per billion (ppb) 
of that element. 

In sub-boiling distillation, in- 
frared radiators vaporize the sur- 
face without boiling the liquid in the 
vaporization compartment. The 
vapor is condensed on a tapered 
cold finger and distillate collected 
in a suitable container. Sub-boiling 
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REAGENTS 


NFRA-RED 
RADIATOR 


Schematic of sub-boiling still used in the 
preparation of ultrapure mineral acids and 
water. A polytetrafluoroethylene sub-boiling 
still was designed for the production of high- 
purity hydrofluoric acids. 


CONDENSER 








L 


quartz stills, similar to commercial 
stills used in the production of high- 
purity water, were installed at NBS 
for the production of hydrochloric, 
nitric, perchloric, and sulfuric acids 
as well as water. For the production 
of high-purity hydrofluoric acid, a 
polytetrafluoroethylene (TFE) sub- 
boiling still was designed and con- 
structed. 

Efficient purification by the still 
only partially solves the problem of 


Quartz still utilized in the sub-boiling 
distillation reagents. Samples so purified 
contain impurities of less than 1 ppb of each 
element determined. 




















OVERFLOW 


producing and distributing pure 
acids. To insure a_ high-quality 


product, air-borne particulate and 
container contamination must also 
be minimized. Air-borne particulate 
contamination was virtually 
eliminated by enclosing the still and 
distillate containers in a Class 100 
clean air chamber. Fluorinated 
ethylene propylene (FEP) bottles, 
thoroughly cleaned with nitric and 
hydrochloric acids, are used as con- 
tainers for the purified acids and 
high-purity quartz bottles are used 
for water. 

Creeping of the unpurified liquid 
and entrainment of particulates 
formed during bubble rupture in the 
vapor stream contaminate the distil- 
late in conventional distillation. 
Since no bubbles are formed in sub- 
boiling distillation, the entrainment 
problem is completely eliminated; 
the position of the cold finger 
minimizes creeping of the impure 
liquid. The still is extremely effec- 
tive in the separation of impurities 
of low vapor pressure such as metal 
ions, but it offers little purification 
from contaminants of high vapor 
pressure such as organic matter or 
many of the anions. 

To evaluate the purity of the 
acids and water produced by this 
process, an analytical method based 
on isotope-dilution, spark-source 
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mass spectrometry was developed. 
The method has limits of detection 
below 0.1 ppb for impurity ele- 
ments. Seventeen elements were 
determined simultaneously in each 
of the high-purity acids and water 
produced by sub-boiling distillation 
and in each of the ACS grade acids 
used as starting materials. Emission 
spectrography, the most commonly 
used method of analysis, has detec- 
tion limits well above 1 ppb for most 
elements. 

Analysis by isotope dilution is 
possible for elements that have two 
or more naturally occurring 
isotopes. A highly enriched isotope 
(spike) for each element to be deter- 
mined was added to the high-purity 
reagents. After equilibration of the 
spikes with the natural impurity ele- 
ments in the acids, the sample was 
evaporated and the concentrate 
placed on the tips of a pair of high- 
purity gold wires (NBS Standard 
Reference Material 685). The 
spiked impurities were sparked off 
the surface of the wires in the 
spark-source mass spectrometer 
and their mass spectrum recorded 
photographically. The altered 
isotopic ratio of each element was 
measured from the photoplate with 
a densitometer. The concentration 
of each impurity element in the acid 
is computed from the amount the 
natural isotopic ratio was altered by 
the addition of a known amount of 
spike of a different isotopic com- 
position. Monoisotopic sodium was 
estimated by comparing its absolute 
intensity to that of potassium. 

This facility for producing ul- 
trapure reagents has been operating 
routinely for over 6 months and a 
number of scientists within NBS 
and in other government agencies 
are using these five special acids 
and the high-purity water. Persons 
interested in these high-purity re- 
agents should contact Thomas J. 
Murphy of the Analytical Chemistry 


Division. 

' Kuehner, E. C., Alvarez, R., Paulsen, P. J., and 
Murphy, T. J., The production and analysis of special 
high-purity acids purified by sub-boiling distillation, to 
be published 
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Laboratory used for production of high-purity acids. The still and distillate containers are 
enclosed in Class 100 clean air chambers to minimize particulate contamination. 


Analysis of Acids and Water Purified by Sub-Boiling Distillation 
Concentration in ppb (ng/g)* 











Impurity element H.O0 HCI HNO, HCIO, H.SO, HF 

POR irc guivadenccaeits 0.002 0.03 0.1 0.1 0.3 0.05 
| EES e eee 0.01 0.04 0.01 0.1 0.3 0.1 
IME cxcusiesycesacsoincaradveds 0.08 0.06 0.2 0.2 2 5 
aasuxdccsdekeataminatenses 0.005 0.02 0.01 0.05 0.3 0.03 
Ni cciaditcnsGesgiviscterudess 0.02 0.3 0.05 9 0.2 5 
Bcc canviaacissdinewstesate 0.01 0.1 0.04 0.1 0.2 0.2 
Pe iicntusecsucdacnatisvasdies 0.05 3 0.3 2 7 0.6 
Si iakesck ei daca seacddddegsdecs - 0.01 0.01 - - - 
Wear isd spr ackecksasdccavinates 0.09 0.5 0.2 0.6 4 1 
Wena ayektnctekacauveteuaniids 0.09 0.6 0.1 0.2 2 2 
Na.. 0.06 1 1 2 9 2 
Ni. 0.02 0.2 0.05 0.5 0.2 0.3 
Wri ti cckcacudocxsnceaeriees 0.003 0.07 0.02 0.2 0.6 0.05 
ea esd i tlintna ars - ~ 0.09 - _ - 
i issi fad: dccwembnaiaes 0.02 0.05 0.01 0.3 0.2 0.05 
MR oad da Scacasanceiuaadiensvass 0.002 0.01 0.01 0.02 0.3 0.1 
WA acodi-kactpacncivacans toes 0.004 0.01 0.01 0.05 0.1 0.05 
Weetviadetindscciesesssee. 0.01 0.01 - 0.1 0.1 0.1 
ibcssdidvncodactanusiaeees 0.04 0.2 0.04 0.1 0.5 0.2 
Total impurities 

Ny ssscacesceisstincss 0.52 6.2 2.3 16 27 17 


“Concentrations below 0.1 ppb are maximum values 





CHANGING PRIORITIES IN 


TODAY'S TECHNOLOGY’ 


To say that this is a time of shift- 
ing priorities would hardly be bring- 
ing breathless news from Washing- 
ton. In science and technology, the 
evidence of the changing order of 
things is graphic. Undoubtedly, the 
most alarming indicator is the large 
number of capable engineers and 
scientists who have been forced to 
walk the bitter world of the unem- 


ployed. 

Meanwhile, many in _ the 
academic community in a sense 
have been’ rendered  under- 


employed. This is the situation that 
prevails when you can’t get 
adequate funding for your research. 

And yet—in terms of challenge 
and opportunity—this is a time of 
plenty. Grave and confounding 
problems literally engulf mankind. 
Engineering and science can help 
solve these problems, but first we 
must understand their nature and 
dimensions. I suppose that one of 
the most significant things that can 
be said about these problems is that 
they do not lend themselves to sin- 
gle-discipline solutions. 

The problems I refer to are com- 
plex and civilian-oriented. They are 
problems which arise from the in- 
creased aspirations of our society, 
from the increased recognition of 
need for constraints—that is, 
generate more electrical energy but 
generate it cleanly. But by all indi- 
cations, these problems represent 
the wave of the future —and that fu- 
ture is now. Scientific applications 
have always been complicated. And 
increasingly, we are called upon to 
demonstrate not only the utility of 
an application but also to justify it in 
terms of after-effects or side-ef- 
fects; to see it in a context of a total 
societal impact. 
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Great emphasis is being placed 
on such problems as inadequate 
housing, poor transportation, pover- 
ty, abuse of resources, occupational 
dislocation, deterioration of the city, 
environmental pollution, and a 
growth in crime. It is by capturing 
opportunities in such problem areas 
as these that the temporary decline 
of technology due to pullbacks in 
aerospace and the military might 
possibly be offset—and perhaps 
more than offset. 


SOCIAL AND TECHNICAL PROBLEMS 


The characteristics of these 
problems are many and varied and 
are to a preponderant extent social 
as well as technical. 

No doubt many of you recall the 
Summer Study on Science and 
Urban Development held at Woods 
Hole, Mass., in June of 1966. This 
conference, sponsored by HUD and 
the Office of Science and Technolo- 
gy in the President’s Executive Of- 
fice and attended by some 50 non- 
government scientists and urban 
specialists along with staff mem- 
bers from several Federal agencies, 
culminated in an optimistic report. 

What is good problem-solving for 
outerspace is good for urban space, 
was the gist of that report. But the 
Woods Hole conferees added sig- 
nificantly: 

Creating a safe, happy city is a 
greater challenge than a trip to 
the moon because urban housing 
is more complex than a rocket 
and the city is subject to more 
perturbations than the moon. Its 
ever-changing problems, never- 
theless, can be attacked in the 
same logical way we have gone 
about exploring the universe. 


WHAT CONFIGURATION? 


It is essential that our assaults on 
multi-dimensional problems be in- 
terdisciplinary. 

But how do you design the inter- 
disciplinary team? Who creates the 
team? The prospective building 
owner in selecting an architect 
effectively selects the chief in- 
fluence on the architecture of the 
building. So too is the person or 
entity naming the team disciplines 
the principal influence on the direc- 
tion of the interdisciplinary effort. 

In short, what configuration 
should the desired interdisciplinary 
effort assume? And how should in- 
dustry, the university, and Govern- 
ment collaborate in this regard? 

As if this question were not tough 
enough, we have to reckon with the 
milieu in which the team is to func- 
tion. We have to face realities such 
as politics and vested interests. To 
fail to chart a course which recog- 
nizes these forces is to waste much 
labor.! 


IDIOSYNCRATIC HANGUPS 


Every problem calls for careful 
analysis of the “problem 
system” — examination of all 
technological, institutional, socio- 
logical and political aspects and 
their interaction with one another. 
Such an analysis may well show 
that every problem area has its own 
hangups, its own idiosyncratic na- 
ture. In environmental pollution, for 
example, we have seen the develop- 
ment of an adversary situation be- 
tween industry and_ regulatory 
agency which threatens to dominate 


“Excerpts from a talk by F. Karl Willenbrock 
Director, NBS Institute for Applied Technology, 
presented June 17, 1971, to the Conference, “Chal- 
lenges and Opportunities of the 1970's,” University of 
California, Berkeley. 
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the technical side of the problem. 
Such diverse areas as_ health 
services, fire and consumer safety, 
housing, transportation, and crime 
undoubtedly require different 
solutions. We find in each of these 
areas idiosyncratic barriers to in- 
novation and development. 

ONE HOPEFUL AREA— HOUSING 

A good analysis, on the other 
hand, should bear beneficient 
results. And one of the present pro- 
grams of the NBS_ Building 
Research Division of the Institute 
for Applied Technology, I 
think—and hope—is an example of 
the right way to ferret out and deal 
with complexities. The problem 
deals with the goal, on which the 
Congress and Executive Branch are 
agreed, that 26 million new and 
rehabilitated housing units be con- 
structed within a 10-year period. It 
is well-established that this goal will 
not be met if we are constrained 
to use present building tech- 
niques. But traditional techniques 
continue—largely because of the 
building regulatory system that is 
symbolized by a document which 
most of us have encountered at one 
time or other—the building code. 

There are 6,000 differing building 
codes in force in the United States. 
This fragmented system of 
disparate codes is incapable of 
speedy evaluation and acceptance 
of technological innovation. In ef- 
fect, there is no single, cohesive 
market for conventional products or 
systems— much less for innovative 
ones. Industry is discouraged from 
research and development invest- 
ments, and in the end, it is the con- 
sumer who suffers. 

It would be easy to wring our 
hands at this point and say, “Isn’t it 
awful.’ But there is a process well 
underway to solve this problem and 
in which I am quite optimistic. My 
optimism was strongly reinforced 
when the White House asked NBS 
to insert an extra $1] million in the 
President’s budget for 1972 to sup- 
port the process. 
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Specimen of a honeycomb sandwich panel is 
performance tested to determine the strength 
of the structural adhesive used in its con- 
struction. 

The solution — if it is not too early 
to use this term—involves two in- 
novations, one conceptual and the 
other institutional. 

The conceptual change is to shift 
the basis of building codes toward a 
performance basis rather than a 
prescription basis. Instead of a code 
specifying how a wall should be 
made, it describes such charac- 
teristics as its load-bearing capaci- 
ty, its acoustic attenuation, and its 
fire resistance. 

The performance approach de- 
mands a statement of performance 
in terms of function. Let me quote 
Dr. James R. Wright, Chief of the 
Building Research Division, who in 
writing in a _ recent issue of 


Scientific American magazine? 
explained: “Since buildings serve 
people, function is defined by the 
attributes necessary to satisfy 
human requirements. In this way 
the builder or supplier of a building 
component is invited to innovate. 
(But) the philosophy of performance 
begins and ends with—and puts its 
principal emphasis upon—the 
satisfaction of human needs.” 

Just having a new conceptual 
basis for building codes does not 
produce new and exciting 
technological advances in the con- 
struction industry. An essential in- 
gredient is a unitary, mass market. 
This in turn requires compatibility 
among codes. To accomplish this 
result, a national association of 
State building code officials was 
formed a few years ago with NBS 
serving as its secretariat. You may 


recall that building regulatory 
authority in the United States 
resides at the State and local 


government level. The young or- 
ganization—the National Con- 
ference of States on Building Codes 


and Standards—seeks to bring 
about greater intrastate code 


uniformity and, principally through 
reciprocal arrangements, interstate 
uniformity as well. Also the Con- 
ference is working toward a per- 
formance approach in its codes and 
standards. 

These efforts are going forward at 
a good rate. Our secretariat 
assistance at NBS includes strong 
technical back-up. 

Included in the plans of the Con- 
ference is a technique for develop- 
ing a system for testing factory-built 
housing for compliance with per- 
formance criteria acceptable to the 
States. A test laboratory evaluation 
system is under active develop- 
ment, whereby test results from ac- 
credited laboratories can be ac- 
cepted by regulatory officials 
in any State. 

Let’s assume for a moment that 
the work of the Conference removes 
regulatory constraints, and that the 
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Overhead view of a complete living unit undergoing performance testing in the 
NBS environmental chamber. 


Nation’s technological capability is 
turned loose on the building 
problems. Can we expect dramatic 
results? 

The most zealous advocates of 
the performance approach promise 
significant cost/benefit advances. 
The most ardent advocates of a 
cohesive market draw hopeful pic- 
tures of volume production and 
resultant economies of scale. 

Performance-based standards and 
a cohesive market both inspire in- 
dustrial interest in building product 
development. Performance require- 
ments also stimulate interest — 
R&D —in innovative products and 
industrialized building systems; that 
is, to produce houses somewhat as 
the automobile industry produces 
cars. The construction industry at 
present is essentially a handcraft 
industry. 

Yet, if the industry were freed on 
both conceptual and institutional 
counts, techniques in building in 
the near future will change in re- 
sponse to improvements in the 
state-of-the-art. What is needed is 
time for advances in research and 
applied technology. The important 
thing is, the way would be open to 
expand our capability to use ad- 
vanced techniques. 


ROLE OF NBS IN BUILDING 
The NBS Building Research 


Divison is much involved in struc- 
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tural mechanics, acoustics, thermal 
studies, plumbing engineering, fire 
safety, materials durability, build- 
ing economics, and so on. Our 
researchers have identified many 
areas into which they feel we should 
move with vigor—areas such as ad- 
hesives for elements of residential 
construction, criteria for built-in 
electrical joints and components, 
control of air movement in 
buildings, strength and durability of 
structures for earthquake loading, 
integration of electrical systems 
with building envelopes, criteria for 
smoke detection systems, indoor air 
quality, criteria for the functional 
effectiveness of innovative fluid 
flow systems, economic evaluation 
of heating-cooling systems, and 
economic aspects of floor covering, 
just to name a few. 

Our staff also proposes additional 
work bearing directly on the human 
condition—such as the develop- 
ment and refinement of human 
response criteria for acoustic en- 
vironments in buildings. 

Robert Sommer, Chairman of the 
Psychology Department of the 
University of California’s Davis 
campus, in his book Personal 
Space, noted that the “form follows 
function” dictum of architecture 
was useful in purging ornamenta- 
tion, but he observed: 


Yet it is curious that most of 
the concern with functionalism 


has been focused upon form 
rather than function. It is as if the 
structure itself—harmony with 
the site, the integrity of the 
materials, the cohesiveness of the 
separate units—has become the 
function. Relatively little empha- 
sis is placed on the activities tak- 
ing place inside the structure. 


THE UNIVERSITY’S ROLE IN 
HOUSING 


As a matter of fact, it is in the 
softer areas, the behavioral and so- 
cial sciences, that the building per- 
formance approach might appeal 
most directly to the university com- 
munity. The appeal to the university 
involves additional factors as well. 
Not the least of these resides in the 
student component of the university 
community, a component which is 
conspicuous in its demand for an 
educational experience that is, as 
the students are wont to say, rele- 
vant. It seems to me that it is dif- 
ficult to find a more relevant 
problem than getting buildings to fit 
people. 

Let me assure you that we are 
dead serious about this matter of 
meeting human needs. We are not 
seeking mere hardware substitu- 
tion—although widening the range 
of candidate solutions to hardware 
problems has distinct advantages. 
But we hope to transcend this ob- 
jective; we hope to influence the 
creation of buildings which truly ac- 
comodate function and human 
physiological and_ psychological 
needs. Who knows, we may one day 
have homes which not only shelter 
and accomodate but which 
regenerate! 

All of this may sound very blue- 
skyish, but performance is very via- 
ble; it is the track on which a sub- 
stantial record is in the process of 
being built. A very considerable in- 
vestment has been made in this ap- 
proach by NBS in its work on 
Operation BREAKTHROUGH for 
the Department of Housing and 
Urban Development. 
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CRITERIA FOR OPERATION 
BREAKTHROUGH 
BREAKTHROUGH is aimed at 
doing what its name implies—at 
breaking through constraints on the 


creation of decent housing in 
adequate production volume. 
Through this program, HUD is 


seeking to stimulate the develop- 
ment of industrialized “systems” — 
usually modular box or panel ar- 
rangements of  prebuilt 
components. 

But the systems the program is 
spurring are innovative and thus do 
not lend themselves to evaluation 
for health and safety characteristics 
through conventional codes. So 
HUD asked NBS to generate per- 
formance criteria for the design and 
evaluation of BREAKTHROUGH 
housing. Twenty-two housing 
systems selected under the pro- 
gram, and now in the prototype con- 
struction phase, are being evalu- 
ated. 

Since the housing systems have 
not stood the test of the market- 
place and time, the NBS criteria 
also set minimum levels for livabili- 
ty and durability. And the criteria 
try to exploit the latest technolo- 
gy—smoke detectors for multifami- 
ly BREAKTHROUGH housing, as 
an example. 

Just getting underway in our 
Building Research Division is our 
Project Feedback in which the 
prototype BREAKTHROUGH 
housing will be evaluated from the 
point of view of its occupants. 

The performance approach in the 
building field has barely taken 
root—the field is wide open and our 
need for research will continue to 
increase as we glimpse those areas 
where we don’t have nearly enough 
knowledge. But the BREAK- 
THROUGH criteria represent a 
beginning. 

If the house is seen as a com- 
ponent of a system of human settle- 
ment, the range of possible solu- 
tions to what is called the “housing 
problem” expands. Is it possible to 


house 


May 1972 


achieve greater reductions in hous- 
ing costs through demographic per- 
turbation than through technologi- 
cal innovation? In other words, if 
most of us are impacted in urban 
areas, and if this concentration 
drives up the cost of urban and sub- 
urban land, would a lessening of 
this impacting tend to level out 
escalating land prices? Certainly 
those families who were enticed 
from urban locations would doubt- 
less appreciate the benefit of lower 
land costs. 

Street wisdom says the people 
will go where the jobs are. Well, 
maybe something could be done to 
coax industry from impacted areas. 
Glib wisdom says that people want 
to go “where the action is.”’ I’m not 
so sure of this. 

If my memory serves, a Gallup 
Poll of several years ago seeking to 
determine people’s settlement 
preferences, found that the majority 
of Americans prefer rural or small- 
town America. 

In any event, the house can be 
seen as a component of a settlement 
system, and the settlement system 
in turn as part of a larger life-sup- 
port system composed of occupa- 
tional, educational, recreational, 
and other aspects. 

All over this country we can find 
people living happily in houses they 
would not label as good houses, but 
houses which happen to be located 
in what their occupants consider to 
be advantageous areas. I’m not sug- 
gesting that we build bad houses; 
I’m simply saying that we should 
understand the problem we are try- 
ing to solve and then solve it in a 
systems way, which may mean giv- 
ing people the widest possible range 
of choice. 


TRANSLATION AND TRANSFER 


However, the task of translating 
real-world problems’ into  ap- 
propriate topics for university- 
based research efforts is not a trivial 
one. An in-depth understanding of 
the real-world problem is needed to 


be able to identify the knowledge 
gap which needs to be plugged. 
Needed is an appreciation for the 
university's mode and strengths. 
There are a number of “long-shot” 
ideas which need to be analyzed in 
the hope that a few may work out, or 
more likely, that better ideas will be 
stimulated as the problems are un- 
derstood in greater depth. 


CIVILIAN-ORIENTED RESEARCH 


In the period when DOD, NASA, 
AEC, and NSF funding effectively 
absorbed nearly all the extant uni- 
versity research capability, the job 
of converting research results into 
useful technology was at best a 
most difficult one. 

But now let us consider a civilian- 
oriented research project. It is not 
only possible but most desirable to 
have a close coupling between the 
researcher and the individual who is 
involved with operational problems. 
It is probable that such research 
should not be directed toward 
product development which is tradi- 
tionally an area in which industrial 
R&D has been most effective. But 
there is much research to be done 
which relates to the development of 
a more fundamental understanding 
of complex situations of a socio- 
technical nature. It could well be 
that the problem-solving process 
may require a different mode of 
operation than having Federal dol- 
lars going to an organization in 
response to a proposal for a Uni- 
versity with an end-product of a 
report whose technical quality is 
approved in a_ peer-evaluation 
process. 

The need may be for a continuing 
interaction between those who ap- 
proach the problem from a tech- 
nical point of view and those in- 
volved with the socio-political 
scene. This latter process is not a 
type of censorship but rather a re- 
flection of that fact that the prob- 
lems needing solution have a social 
and political context as well as a 

Continued on page 119 
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DYNAMIC PRESSURE 
TRANSDUCER CALIBRATOR 


HYDRAULIC METHOD IS EASILY TIED TO STATIC CALIBRATION 


A technique for dynamically 
calibrating pressure  tranducers 
with greatly improved accuracy has 
been developed in the instrumenta- 
tion laboratories of the Bureau’s In- 
stitute for Applied Technology. 
Physicist John Hilten, engineer 
Paul Lederer, and aide John Sethi- 
an devised a dynamic calibration 
method that is simple in the ex- 
treme. The only special equipment 
required is an easily fabricated tube 
that is mounted on the table of a 
shaker. In laboratory tests at am- 
plitudes up to 20 psi and at frequen- 
cies from 15 to 2000 Hz, the method 
has yielded agreement between 
static and dynamic calibrations of 
+0).1 percent. The new calibrator is 
expected to have particular sig- 
nificance in calibrating pressure 
transducers for biomedical applica- 
tions.' 


CALIBRATION OF PRESSURE 
TRANSDUCERS 


Pressure transducers have been 
in existence for over 30 years, but 
until now could not always be 
adequately calibrated dynamically. 
Static calibrations could be per- 
formed with acceptable accuracy, 
but use of the transducer for 
dynamic measurements in the vast 
majority of cases was based on the 
unwarranted assumption that a 
static calibration of the reference 
transducer sanctioned its use for 
dynamic applications. 

The increasing utilization, in 
recent years, of electromechanical 
transducers for measuring pressure 
in fluids created the need for an im- 
proved calibration capability. This 
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need was recognized by the In- 
terAgency Transducer Project, 
which for years supported a con- 
tinuing transducer characterization 
and calibration program at the Bu- 
reau. The Naval Air Systems Com- 
mand, one of the participants in the 
InterAgency project, supported the 
development of a dynamic method 
of pressure calibration at the Bu- 
reau. 


NEW DYNAMIC METHOD 


The NBS method for dynamically 
calibrating pressure transducers 
requires only one piece of special 
equipment—a_ rigid, open-topped 
container for vertical mounting on 
the table of a shaker. The calibrator 
used at NBS is composed of a 1-inch 
(inside diameter) brass tube sol- 
dered into a hole counterbored in a 
square brass block. The block is 
threaded at the side to receive the 
transducer being calibrated (with 
diaphragm vertical to minimize the 
effect of vibration on the trans- 
ducer) and on the bottom for at- 
tachment to the shaker table. 

The calibrator is used by mount- 
ing it atop the shaker table, in- 
stalling the test transducer, and 
filling the tube with water (or any 
liquid of known density) to the 
desired height. The pressure at the 
center of the diaphragm can be 
readily computed from fundamental 
physical parameters—the height of 
the liquid and its density — or an ac- 
curately known gas pressure can be 
applied to the column measured. 

The accuracy of the static 
calibration is transferred to the 
dynamic calibration by adjusting 


the shaker input to the desired ac- 
celeration level with the aid of a 
precision accelerometer. Use of the 
accelerometer is made necessary by 
the fact that the water gives no reli- 
able indication when zero pressure 
is reached during part of the cycle. 
The precision accelerometer in turn 
can be calibrated, both statically 
and dynamically, by  well- 
established fundamental methods. 
The technique is therefore not 
limited to a peak-to-peak pressure 
of twice the static head of the liquid, 
which is attained at an acceleration 
level of +] g (the value of gravita- 
tional acceleration), but has been 
extended to reach levels of +29 g in 
these experiments at NBS. 


TESTING DYNAMIC METHOD 


The new system was tested by 
calibrating three flush-diaphragm 
pressure transducers of different 
ranges, one a bonded strain gage 
type and the others semiconductor 
types. A three-point static calibra- 
tion was performed on each at pres- 
sures corresponding to 40, 0, and 
—40 inches of water (obtained by 
control of air pressure) before the 
dynamic calibration to correlate the 
static and dynamic calibrations and 
to determine instrument stability. 
The dynamic calibrations were per- 
formed at frequencies from 15 to 
2000 Hz and at accelerations from 
+] to +29 eg. The shaker used was a 
commercial device having a range 
of 5 Hz to 10 kHz and a force rating 
of 300 pounds (1330 newtons). The 
outputs of a reference accelerome- 
ter and of the pressure transducer 
were read to +0.1] percent on an rms 
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differential voltmeter and the pres- 
sure transducer output distortion 
was checked with a distortion me- 
ter. 

The transducer output at each 
dynamic calibration point was com- 
pared with the level expected by ex- 
trapolation from the static calibra- 
tions. The two were in agreement 
within +0.1 percent for one trans- 
ducer, within +0.3 percent for 
another, and 1.6 percent disparate 
for the third (possibly due to a poor 
signal-to-noise ratio, inherent in this 
transducer system). 

Linearity of transducer response 
was given as the maximum devia- 
tion of the response ratio (volts out- 
put/input pressure to the trans- 
ducer) at each dynamic calibration 
point from the average at all calibra- 
tion points. The deviation values of 
0.5, 0.4, and 0.3 percent found for 
the three transducers for a variety 
of frequencies (to 300 Hz) and ac- 
celeration levels are thoroughly ac- 
ceptable linearity figures. 

The resonant frequency of the 
transducer-water column system 
also was studied, since measure- 
ment stability and accuracy cannot 
be obtained in the vicinity of a 
strong system resonance. A 
resonance of 1590 Hz was computed 
for the 9-inch water column alone 
and values of 1210, 1350, and 1410 
Hz were measured for the three 
transducer-column systems tested. 
Also, distortion at several lower 
frequencies was found to be so 
great that these frequencies were 
avoided thereafter. 

EFFECTS OF CHANGED 
PARAMETERS 

The parameters that could affect 
calibrator performance were stu- 
died and their effects appraised. 
Some were computed, such as the 
increase in volume when the 
diaphragm is displaced by pressure 
and the slight bulging of the tube 
walls under pressure of the water 
column. Another parameter—ab- 
sorbed gases—is prevented from af- 
fecting the calibration by degassing 
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the liquid and calibrator in vacuum 
before use. 

The consequence of changes in 
the height and diameter of the 
liquid column also were studied. 
Shorter (3- and 6-inch) columns of 
water produced the same response 
ratio as the 9-inch one at low 
frequencies and remained linear to 
higher frequencies because of their 
higher resonance frequency. 

Liquids other than water also 
were used in the _ calibra- 
tor—glycerin, ethyl acetate, and 
oil—in an attempt to correlate 
known properties with performance 
in the device. Unfortunately the ex- 
perimental values of resonant 
frequency for the glycerin and ethyl 
acetate did not correlate as well as 
values for water, as disparate values 
for their characteristics were found 
in the literature. 

It was found that the Q (a figure 
of merit related to sharpness and 
amplitude of resonance peaks) of 
the calibrator was so high and the 
damping so low that the system 
resonances reduced the useful 
frequency range of the calibrator. 
The scientists sought to obtain a 
flatter frequency response by in- 
creasing the damping to 0.6 of criti- 
cal damping. 

They first increased damping by 
increasing the calibrator surface 
area, breaking up the original tube 
into smaller parallel tubes having a 
greater total wall area. This was 
done by packing the calibrator with 
several smaller tubes (1/2-, 1/4-, and 
1/8-inch). They also experimented 
with more viscous liquids, succeed- 
ing in lowering the Q (143 with 
water) to 1.2 by using SAE 140- 
weight gear lubricant and breaking 
the calibrator cross section up with 
48 1/8-inch tubes. This produced a 
damping that is 0.44 of critical 
damping, greatly enhancing the 
usefulness of the calibrator. 


' Hilten, J. S., Lederer, P. S., and Sethian, J. D., A Sim- 
ple Hydraulic Sinusoidal Pressure Calibrator, Nat. Bur. 
Stand. (U.S.), Tech. Note 720 (in press), available as SD 
Catalog No. C13.46:720 from the Superintendent of 
Documents, U.S. Government Printing Office, Washing- 
ton, D.C. 20402. 


Paul Lederer mounts a dynamic pressure 
transducer calibrator on the table of a 
shaker —an electrodynamic vibrator. The 
pressure transducer at the base of the 
calibrator will then indicate the pressure of 
the 9 inches of water in the column. The 
static calibration pressures can be 
transferred to points on the dynamic 
calibration scale of 0 and 18 inches of water 
by adjusting the shaker amplitude for 
sinusoidal variations between these values. 


John Hilten prepares a dynamic pressure 
transducer calibrator for use by adding 
water to obtain a 9-inch head at the center of 
the test transducer diaphragm (at end of 
wires). The calibrator and the water will be 
degassed before the calibrator is mounted on 
a shaker. 





NBS Reference Noise Standard (center) 
operates between 50 and 75 GHz. It 
comprises a lossy resistive element, heated to 
1000 °C, and is located in a platinum- 
rhodium alloy waveguide. Constant flow of 
temperature-controlled coolant is provided 
by console (right); resistive-element heating 
control and temperature measurement of 


standard provided by rack of equij»ment 
(left). 


NBS 
INAUGURATES 


MILLIME 


CALIBRATION 


SERVICE 


Millimetre waves are here to 
stay—at least that’s the strong im- 
plication drawn from the Bureau’s 
move into mm-wave calibration ser- 
vices. The Bureau announced the 
availability of interim services at 
their Boulder, Colo., laboratories, in 
February 1972. By extending its 
long-established microwave _ ser- 
vices into the 55- to 65-GHz mil- 
limetre-wave region, NBS fills a 
need that has existed since the early 
days of millimetre-wave research 
and exploration. They now have 
ready a millimetre-wave capability 
to measure power, attenuation, im- 


Indoor Near-Field Scanning Range where 
probe (right) measures, point-by-point, 
amplitude and phase of field from antenna 
under test (left). Computer program 
massages data to yield on-axis antenna gain 
and far-field pattern. 
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Modified rotary-vane attenuator offers 
improved readout to 0.01 degree. 
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pedance, antenna gain, and noise 
and can calibrate devices needed to 
make such measurements. The ser- 
vices will be classified interim until 
the projected accuracies stated 
below are given final approval. 


POWER 


To measure power, NBS 
developed a microcalorimeter as a 
reference power standard plus a 
transfer method permitting bolome- 
ter-coupler units up to 20 dB to be 
calibrated to within +2 to +3 per- 
cent. Accurate in itself to within 
+).3 percent, the microcalorimeter 
provides the basis for establishing 
an absolute standard of power mea- 
surements in this frequency range. 
During operation the calorimeter is 
submerged in a water bath, the tem- 
perature of which is maintained to 
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10 microdegrees short term and 25 
microdegrees long term. 


ATTENUATION 


To measure variable attenuators, 
a 30-MHz if substitution measure- 
ment system was developed to 
determine the attenuation dif- 
ference to within +0.05 dB per 10 
dB in a range of 0 to 50 dB. A 30- 
MHz piston attenuator (waveguide 
below cutoff) serves as a reference 
attenuation standard. The system 
also measures fixed attenuators and 
insertion loss of variable attenua- 
tors to better than +0.2 dB per 10 
dB. 

It is not uncommon for variable 
attenuators operating at these 
frequencies to be off by as much as 
5 dB at a nominal dial setting of 50 
dB. To circumvent this problem, 
NBS modified a pair of rotary-vane 
attenuators to yield an improved 
readout. One, for less critical appli- 
cations, indicates the angular rota- 
tion of the center vane to 0.01 
degree while the other indicates to 
the nearest 0.0005 degree. When 
electrically aligned, these attenua- 
tors provide maximum attenuation 
values between 65 and 90 dB and 
resolve difference attenuation 
values to 0.005 dB at these max- 
imum settings. 


IMPEDANCE 


A tuned reflectometer system, 
developed at NBS, measures the 
magnitude of the reflection coeffi- 
cient |I| better than +0.001(1+3 
|I'|), over the range from 0.001 to 
1.0. 

The accuracy of a reflection-coef- 
ficient measurement is limited to 
the dimensional tolerances 
achieved in fabricating the input 
waveguide section. In the NBS 
system, the internal dimensions of 
the WR-15 waveguide input section 
are uniform to +15 millionths of an 
inch. This compares to commercial 
tolerances of 0.001 (1/1000) inch. 


ANTENNA GAIN 
On-axis antenna gain is measured 



















































NBS Microcalorimeter was developed as a 
reference power standard at millimetre-wave 
frequencies. Accurate to +0.3 percent, the 
calorimeter provides the basis for an 
absolute standard of power measurements 
in the 50- to 75-GHz range. With cover (left) 
in place, the device is submerged in a water 
bath maintained stable to within 25 
microdegrees. 


Automated Noise-Figure-Measurement 
System is a unique NBS facility developed to 
make NF measurements to an estimated 
accuracy of +0.) dB (2.3%). Waveguide 
switch, hot and cold source are combined in 
box (on table top). The unit, connected to 
device under test, employs temperature- 
controlled rotary-vane attenuator that 
alternates between minimum and maximum 
attenuation. Control system and 
minicomputer are contained in rack (right); 
teletypewriter provides commands for system 
control and printout of results. 
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Outdoor antenna extrapolation range employs two towers, movable on rails, that are 
precisely aligned. Separation distance between antennas is varied to obtain plot. Van in 


using two existing facilities, refitted 
for millimetre-wave frequencies. 
Two separate techniques permit 
results to be cross-checked and 
help resolve individual limitations, 
thus increasing the confidence and 
reliability of both measurement 
techniques. 

One of the techniques, the out- 
door extrapolation range, employs a 
standard and an unknown antenna 
located on two precisely aligned 
towers that move on rails. By vary- 
ing the antenna separation distance, 
a plot can be derived of the received 
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foreground houses receiver and data-gathering equipment (inset). 


signal versus the separation 
distance. A computer _ then 


massages the data in various ways 
to consider all the known variables 
and their contributions. The essen- 
tial feature of computer processing 
is to fit the measured data with a 
power series in powers of 1/distance 
which allows the far-field gain to be 
extrapolated to large distances. 

The indoor range, a near-field 
scanning range, employs a probe 
that measures point by point the 
amplitude and phase of the antenna 
under test. The probe scans the 


near-field until a plane rectangular 
area has been scanned. Computer- 
processing of the data yields a 3- 
dimensional plot of the amplitude 
and phase of the antenna, thereby 
showing the pattern and side lobes. 

These two measurement tech- 
niques agreed to approximately 
0.12 dB in determining the on-axis 
gain for an arbitrary frequency 
using a reference antenna with an 
18-in aperture. On-axis gain of the 
reference standard antenna is about 
46.5 dB. Accuracies attained for 
these two measurement techniques 
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on the 18-in dish antenna are within 
+3.5 and +4.5 percent (0.15 to 0.19 
dB) with the near-field technique 
being slightly more accurate. 


NOISE 


Two new WR-15 waveguide noise 
sources were developed by NBS for 
making noise-figure measurements 
to better than +0.1 dB (2.3%) where 
circumstances permit this accura- 
cy. 

In the process of developing a 
facility for such measurements, a 
reference noise standard had to be 
developed. The standard is com- 
prised of a lossy resistive element 
physically heated to a nominal 1000 
°C and located in a platinum-rhodi- 
um-alloy waveguide. It has a cal- 
culable output accurate to about 
+2.5 K. Comparable microwave 
units are accurate to about +4.5 K. 
The NBS reference noise standard 
provides the basis for establishing 
an absolute standard of millimetre- 
wave noise measurements for the 
United States. To transfer the mea- 
surement base provided by the 
reference noise standard, a 
radiometer was developed based on 
switching-radiometer designs _al- 
ready employed at microwave fre- 
qencies. From these two, jointly 
used, a calibration service for WR- 
15 waveguide noise sources will be 
offered. 

Some commercially available 
waveguide noise sources were 
found to be unstable in noise output 


and SWR. In fact, the magnitude of 
the SWR was so large as to negate 
other aspects of the program in 
achieving accurate noise-figure 
measurements. The two new NBS 
noise sources, one a 2-port device 
and the other a 1-port unit, yielded 
SWR’s of nominally 1.08 and 1.05, 
respectively. Some commercially 
available neon waveguide noise 
sources at millimetre-wave frequen- 
cies have exhibited such unstable 
SWR’s that a SWR measurement is 
impossible. 


NOISE FIGURE 


Noise-figure measurements at 
millimetre-wave frequencies are not 
only a new NBS service, but noise- 
figure measurements in general are 
something NBS has always left to 
the commercial world. In 
microwave frequencies, _noise- 
figure measurements more accurate 
than 0.5 to 1.0 dB are uncommon in 
spite of manufacturer’s claims. 

NBS developed a special facility 
with a goal of making noise-figure 
measurements to +0.1 dB (2.3%). 
Resolution is of the order of 0.001 
dB; precision is about 0.01 dB; ac- 
curacy has not been resolved at this 
time. Accuracy of a noise-figure 
measurement depends on the im- 
pedance match of both hot and cold 
noise sources to the device under 
test, to the gain stability of the 
device under test, etc. Thus, noise- 
figure measurement accuracy of the 
NBS system will not be positively 





SOVIET Continued 


could be distributed, and how they 
could be effective when they could 
not be enforced. They also found 
novel the idea that the user could 
have input into the actual develop- 
ment of a standard, as this seemed 
to pose a threat to objectivity. 

Dr. Isayev concluded by noting 
that the U.S.S.R. is experimenting 
with methods of developing cost/ef- 
fectiveness with regard to levels of 
accuracy, and that these methods 
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Modified rotary-vane attenuator offers 
electronic readout to 0.0005 degree. 


established until some of the rela- 
tionships are adequately un- 
derstood. This will only come about 
through diverse experience gained 
by working with the system. 

However, because the sensing 
element is a power meter, the mea- 
surement system yields average 
noise-figure rather than spot (single 
frequency) noise-figure measure- 
ments and can handle a_ wid- 
variety of intermediate frequencies 
down to 10 MHz. 

By using the radiometer as a com- 
parator, the hot-source/switch com- 
bination head can be calibrated 
against the reference noise stan- 
dard. This method permits the 
development of additional heads to 
extend the system into the 
microwave region. 

For additional information about 
the NBS millimetre-wave calibra- 
tion services, please contact F. X. 
Ries at (303) 499-1000, ext. 3561. 





would be demonstrated when the 
U.S. metrology team visits Russia in 
May. 

The U.S. team will be headed by 
Dr. Ernest Ambler, Director of the 
Institute for Basic Standards, and 
will include the following Bureau 
staff members: Dr. Harold S. 
Boyne, Chief, Quantum Electronics 
Division; Dr. Karl G. Kessler, Chief, 
Optical Physics Division; Dr. James 
E. Leiss, Acting Director, Center 
for Radiation Research; Dr. John A. 
Molino, Sound Section; Dr. Walter 


L. Sadowski, Applied Mathematics 
Division; and Dr. Barry N. Taylor, 
Chief, Absolute Electrical Measure- 
ments Section. 

The three industrial representa- 
tives on the team are Dr. Leonard S. 
Cutler, Director, Physical Research 
Laboratory, Hewlett-Packard Com- 
pany; Robert E. Esch, Director of 
Engineering, Automation and Mea- 
surement Division, the Bendix Cor- 
poration; and Albert E. Johnson, 
Chief Engineer, Special Products, 
Moore Special Tool Company, Inc. 
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DE SIMONE 
RECEIVES 


SERVICE 
LEAGUE 
AWARD 


Dr. Daniel V. De Simone, who 
was Director of the U.S. Metric 
Study at the Bureau, was one of 10 
top Federal career employees 
honored by the National Civil Ser- 
vice League at its 1972 Career Ser- 
vice Awards Banquet. For his 
leadership of the Bureau’s 3-year 
U.S. Metric Study, Dr. De Simone 
received one of the two NCSL 
Career Service Awards for Special 
Achievement. On the basis of the 
Study, the Secretary of Commerce 
has recommended to the Congress 
that the United States convert to the 
metric system over a 10-year period. 
A metric conversion bill prepared 
by the Commerce Department has 
been submitted to Congress. 

A Bureau staff member since 
1964, Dr. De Simone is now as- 
signed to the Executive Office of 
the President where he serves as an 
Assistant to the President’s Science 
Advisor. He was made head of the 
U.S. Metric Study in September 
1969, and under his creative 
direction the Congressionally 
authorized task was completed 
within the prescribed time and for 
less than half of the anticipated 
cost. He was responsible not only 
for conducting the Study, but for 
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CIVIL 


designing the strategy, selecting 
the issues, supervising the analysis, 
and personally writing the final 
summary document. That final re- 
port, A Metric America: A Decision 
Whose Time Has Come, is a model 
of clarity and balance. The object of 
wide-spread publicity, the report 
has received high praise from 
Government officials, the business 
community, scientists, and educa- 
tors. 

Both an engineer and a lawyer, 
Dr. De Simone came to the Com- 
merce Department in 1962 from the 
Bell Telephone Laboratories where 
he was responsible for patent pro- 
grams involving advanced elec- 
tronics and communications 
technology. In 1963 he became Con- 
sultant to the Assistant Secretary of 
Commerce’ for Science and 
Technology and to the Office of 
Technical Services. He was named 
head of the Office of Invention and 
Innovation at NBS when it was 
established in 1964. In his present 
position as Assistant to the Pre- 
sident’s Science Advisor, Dr. De 
Simone is responsible for eval- 
uating the entire range of Federal 
science and technology programs, 
particularly those that influence 





innovation in American industry. 

Dr. De Simone received the Com- 
merce Department’s highest award, 
the Gold Medal for Distinguished 
Achievement in the Federal Ser- 
vice, for his authorship of 
Technological Innovation: Its En- 
vironment and Management. A 
gifted and prolific writer, he has 
authored or co-authored three other 
books and numerous articles and 
technical papers. 

Active in both engineering and 
legal organizations, Dr. De Simone 
is a member of the bar of the U.S. 
Supreme Court and of the State of 
New York. He is also a member of 
the Institute of Electrical and Elec- 
tronics Engineers, the American 
Bar Association, and the New York 
University Creative Science Pro- 
gram. For 8 years he has served as 
Executive Director of the National 
Inventors’ Council. He has long 
been interested in United States 
cooperation with Latin America, 
and is an Advisor to the Organiza- 
tion of American States. At various 
times Dr. De Simone has been a 
consultant to Congressional com- 
mittees and national commissions 
on technology, patents, technologi- 
cal innovation, and public policy. 
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METRIC AMERICA BILL SENT TO CONGRESS 


Proposed legislation to help the 
United States switch over to use of 
the metric system of measurement 
from the common inch-quart-pound 
system within the next 10 years was 
sent to Congress on February 29 by 
Secretary of Commerce Peter G. 
Peterson. The legislation was in- 
troduced on March 6 by Congress- 
man George P. Miller and 24 
cosponsors as House Joint Resolu- 
tion 1092, and on March 28 by 
Senator Norris Cotton as Senate 
Joint Resolution 219. 

The legislation would create a 
National Metric Conversion Board 
to plan and coordinate a voluntary 
conversion process in which metric 
units like the metre, litre, and kilo- 
gram would become the most com- 
mon units of measure in America as 
they are or soon will be in all other 
industrialized nations of the world. 
The Board, to be made up of 25 
representatives of industry, trade 
associations, citizens groups, and 
government appointed by the Pre- 
sident and the Congress, would 
assist industry and the public in ad- 
justing to the use of metric mea- 
surement units. 

The legislation is an outgrowth of 
recommendations by former Secre- 
tary of Commerce Maurice H. 
Stans, based on a 3-year study by 
NBS. The Report of the Metric Stu- 
dy, ““A Metric America: A Decision 
Whose Time Has Come,” was sent 
to Congress in July 1971.? 

Secretary Peterson, in trans- 
mitting the proposed legislation to 
the Congress, underscored the need 
to act now: 

“The time has come for a national 
decision to prepare to join the rest 
of the industrial world in adopting 
metric language and _ practices. 
America’s position in the world 
market in coming decades could be 
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impaired by adherence to our custo- 
mary units of measurement. 
Further postponement of the pro- 
gram of coordinated metric conver- 
sion will only result in greater bar- 
riers to our international trade. 

“Unless the United States makes 
the commitment to ‘go metric’ over 
this decade, international standards 
will not adequately reflect the needs 
and products of U.S. industry,” 
Secretary Peterson added. “If 
American technology is to compete 
in the world market, standards used 
in the development of new U.S. 
products and technologies must be 
written into these international 
standards. This would ensure that 
other nations bear their fair share in 
the process of harmonizing world 
trade. 

“IT am recommending that the 
metric conversion program be ex- 
tended over a decade and have the 
advantage of well-considered plans 
to ensure a minimum of difficulty 
and confusion. The job of planning 
this voluntary conversion would be 
placed in the hands of those most 
affected through representation on 
the National Metric Conversion 
Board. 

‘Although some sectors will find 
it advantageous to convert more 
quickly, others more slowly, a 
decade following agreement on the 
national voluntary plan should see 
the country through the awkward 
period of dual usage,” Secretary 
Peterson said. 

The United States is the last in- 
dustrially developed nation which 
has not established a national policy 
committing itself and facilitating 
conversion to the metric system, 
although Congress in 1866 passed a 
law making it legal to use the metric 
system in commerce and trade. The 
3-year study by the Bureau in 


cooperation with some 55 Govern- 
ment agencies, industry, and almost 
every sector of society, was 
completed in response to an Act of 
Congress. The report’s recommen- 
dations were: 

— That the United States change 
to the International Metric System 
deliberately and carefully; 

—That this be done through a 
coordinated national program; 

—That the Congress assign the 
responsibility for guiding the 
change, and anticipating the kinds 
of special problems described in the 
Report, to a central coordinating 
body responsive to all sectors of 
our society; 

— That within this guiding frame- 
work, detailed plans and timetables 
be worked out by these sectors 
themselves; 

— That early priority be given to 
educating every American school- 
child and the public at large to 
think in metric terms; 

— That immediate steps be taken 
by the Congress to foster U.S. 
participation in international stand- 
ards activities; 

— That in order to encourage ef- 
ficiency and minimize the overall 
costs to society, the general rule 
should be that any changeover 
costs shall “‘lie where they fall”; 

—That the Congress, after de- 
ciding on a plan for the Nation, 
establish a target date 10 years 
ahead, by which time the U.S. will 
have become predominantly, though 
not exclusively, metric; and 

— That there be firm Government 
commitment to this goal. 


'See A Metric America, NBS Tech. News Bull. 
Sept. 1971. 

2Available from the Superintendent of Documents 
U.S. Government Printing Office, Washington, D.C. 
20402, as NBS Spec. Pub. 345, 192 pages, $2.25. 
Use S.D. catalog No. C13.10:345. 
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MEASURING DYNAMIC LOADS 


IN A FATIGUE 


MACHINE 


INSTRUMENTED SPECIMEN SUPPLIES 


COMPARISON SIGNALS 


Corrections that should be ap- 
plied to readings of a fatigue testing 
machine have been found by a new 
test procedure. Donald C. Robin- 
son, of the engineering mechanics 
laboratory, measured dynamic 
loads of a high-frequency elec- 
tromagnetic fatigue testing machine 
and compared the loads indicated 
by the machine’s dynamometer 
with those from test specimens with 
attached strain gages.! The re- 
sulting correction for excessive 
load errors makes possible more 
meaningful fatigue test results. 

High-frequency fatigue testing 
machines are used for continuously 
applying sinusoidal forces to 
specimens to determine how long a 
material will last when subjected to 
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fatigue in use. The specimens can 
be rods or strips of the material 
(usually cut down to a smaller 
dimension midway in their length), 
mechanical components such as 
bolts or fasteners, or structural 
members. The sinusoidal force ap- 
plied to the specimen is indicated 
by a dynamometer that is built into 
the machine. 

Small errors in the dynamometer 
indication are critical because they 
can cause a relatively large error in 
appraising the fatigue life of the 
specimen. Thus, application of 
slightly too small a force might 
result in early failures in service of a 
component thought to have a suffi- 
ciently long life, and vice versa. This 
effect was of interest to the U.S. 





Strain gages mounted axially at the smallest 
diameter of this steel test specimen are used 
to determine the indication error of fatigue 
testing machines. The output of the strain 
gages is first statically calibrated against 
known forces in a universal testing machine. 


Navy, sponsor of the background 
work for the present study, because 
of its concern with quality control 
for mechanical fasteners. 

The NBS study made use of a 
high-speed fatigue testing machine, 
typical of those used for testing 
mechanical fasteners in industry. 
The machine is operated at the 
resonant frequency of the vibrating 
system by an electromagnetic 
driver that energizes a moving 
mass, to which the specimen and 
dynamometer are connected in se- 
ries. The specimen is gripped by 
holders attached to the moving 
mass and to a second fixed mass. 


INSTRUMENTED TEST SPECIMEN 


The elastic devices used at the 
Institute for measuring the dynamic 
loads applied by the fatigue 
machine consisted of steel test bars, 
to each of which four strain gages 
were mounted axially at 90° inter- 
vals around its smallest diameter. 
The specimens used had been 
machined to diameters of 0.375, 
0.500, and 0.750 inch to have 
specimen stiffnesses in the range of 
interest. The instrumented test bars 
were calibrated statically before use 
in a universal testing machine, the 
load indication of which was 
verified according to methods 
developed by the American Society 
for Testing and Materials. 

When an instrumented test bar 
was installed in the fatigue 
machine, the outputs of the strain 
gages were compared with each 
other to discover if there was any 
bending due to eccentric loading. 
The mounting of the test fixture was 
adjusted until the differences 
among the strains indicated by any 
of the four gages were minimized. 

Test loads indicated by the 
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machine’s dynamometer were com- 
pared with those measured by the 
instrumented bars for several cyclic 
load ranges. The resolving power of 
the oscilloscope used to record the 
signals from these specimens was 
increased by use of a differential 
comparator amplifier. The ranges 
investigated ran from 150 to 4,500 
lbf* for the 0.375-inch-diameter bar 
to 600 to 15,000 lbf for the 0.750- 
inch-diameter bar. Test frequencies 
ranged from 125 to 167 Hz for the 
smallest diameter bar and from 150 
to 200 Hz for the largest diameter 
bar. 


*Pounds force. 


FINDINGS 


The mean loads indicated by the 
instrumented bars were in each 
case less than those indicated by 
the machine’s dynamometer. Load 
errors (the difference between 
mean load values indicated by the 
test bars and dynamometer) in- 
creased slightly with frequency and 
with the applied load; they were 
generally within 2 percent of the in- 
dicated load. 

The load error was increased 
when an added component, a con- 
nector used for easier installation of 
fasteners in the fatigue machine, 
was inserted between the instru- 


mented bar and the machine’s 
dynamometer. 

This investigation showed also 
that the load indication errors 
varied with the size, and therefore 
the stiffness, of the specimen. Since 
the stiffness of the specimen is 
known to influence the dynamic 
properties of the vibrating system, it 
is recommended that fatigue testing 
machines be calibrated with test 
bars representative in stiffness of 
the specimens to be tested. 


? Robinson, D. C., Determination of Dynamic Loads in 
a High-Frequency Direct-Stress Fatigue Machine, Nat. 
Bur. Stand. (U.S.), Tech. Note 578 (June 1971), availa- 
ble from the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402, 
as SD Catalog No. C13.46:578 at a cost of 95 cents. 





TECHNOLOGY Continued 
natural 
context. 

Perhaps all good science and 
technology academicians have now 
become convinced that civilian 
technology and the academic world 
are mismatched and that they 
should best go their own way. I hope 
not! The fact that the problems are 
not purely scientific and techno- 
logical, but involve social and 
political factors, must be accepted 
as a given part of the challenge. 

How can we proceed? Id like to 
suggest some experimentation since 
we are entering a world in which the 
constraints are not well-defined and 
agreed-on methodologies are not 
yet available. 

I mentioned the group in NBS 
that I’m involved with—the In- 
stitute for Applied Technology. Our 
redundant title indicates that we 
live in a real-world context. We are, 
or at least I am, very anxious to try 
to use our resources in a coupling 
mode to the university/industrial 
complex. 

We have’ some _ significant 
resources. They include laboratory 
facilities, some capabilities in ap- 
plied mathematics, and a nuniber of 
system analysts. Perhaps most im- 
portant we have a bunch of people 
who know what some of the 
nonsolutions are. To give examples: 


science or engineering 
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1. In the building regulatory 
world, there are code officials 
at the local, county, and State 
levels, and we _ understand 
what they’re about. We also 
know something about the 
building industry—its ma- 
terials producers, its  pro- 
fessional and technical com- 
mittees, its multitude of trade 
and industry associations, and 
its concerns about rapid 
change. 

2. In the fire area, we work with 
the firefighters union, the as- 
sociation of fire chiefs, the Na- 
tional Fire Protection Associa- 
tion, the insurance company 
laboratories, the independent 
test laboratories. 

Our operations in these arenas 
are not always successful as mea- 
sured by the sensitive Washington 
indicator of amount of Federal 
budget receive’. However, we are 
most anxious to engage the intellec- 
tual resources of the academic com- 
munity in some real problems. We 
need to work closely together 
on problem definitions. 

On the university side, there 
would have to be a willingness to ex- 
periment with a new type of involve- 
ment which does not conform to the 
DOD/NSF constraints. There would 
have to be a willingness to develop 
team capabilities which cross aca- 


demic departmental lines. You 
might even have to learn to work 
jointly with members of the law and 
business schools while still main- 
taining a sound science/technology 
operation. 

The rewards for being willing to 
experiment with this new type of 
interaction could well be great. 
First, there would be a satisfactory 
answer to those who seek to make 
their efforts relevant to some of 
society's most urgent problems. 
Second, the students and faculty 
involved will have the breadth of 
their interests broadened as they 
encounter problem areas in which 
their particular expertise can cast 
some light but clearly cannot de- 
velop a complete solution. Third, 
the university may indeed become 
a more effective community of 
scholars rather than a collection of 
discrete groups whose disciplinary 
concerns are separated. 

Thus an interaction of the uni- 
versity with civilian-sector problems 
can strongly affect the university 
community as I am sure it will 
affect the civilian agencies of the 
Government. 

It is my opinion that both will 
benefit in the process. 


' Nelkin, D., The Politics of Housing Innovation: The 
Fate of the Civilian Industrial Technology Program, 
(Cornell University Press, 1971) 


2 Wright, J. R., Performance criteria in building, 
Scientific American 224, No. 3, 16-25 (Mar. 1971) 
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The NBS Center for Computer 
Sciences and Technology, under 
P.L. 89-306, is the Federal Scien- 
tific and technical focal point for 
insuring that computer services 
meet the needs of the customer. 
Significant activities of the Center 
are reported in this column for the 
information of interested computer 
customers. 


MINICOMPUTER SYMPOSIUM 
HELD AT NBS 


On March 1, 1972, NBS hosted a 
symposium entitled “Minicompu- 
ters-Trends and Applications.” 
The symposium was sponsored by 
the Eastern Area Committee and 
Washington, D.C., Chapter of the 
IEEE Computer Society, and was 
attended by an audience of some 650 
people. Welcoming remarks were 
given by Dr. Ruth M. Davis, 
Director of the NBS Center for 
Computer Sciences and Technolo- 
gy, following an introduction to the 
symposium by James A. Cun- 
ningham of the National Weather 
Service, the conference chairman. 
Kenneth Olsen, President of the 
Digital Equipment Corp., provided 
the keynote address, “Minicompu- 
ters— A Challenge in the 70’s.” The 
symposium provided an opportunity 
for dialogue and audience participa- 
tion in two panel discussions, one 
on buying a minicomputer without 
getting burned, and one on the use 
and abuse of minicomputers. 

In her welcoming remarks, Dr. 
Davis presented statistics on the 
burgeoning numbers of minicompu- 
ters finding their way into the 
Federal inventory. She _ also 
identified eight major subindustries 


within the once-monolithic com- 
puter industry: manufacture of 
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large mainframes, minicomputers, 
suppliers of peripherals, leasing or- 
ganizations, software suppliers, 
computer services, facility manage- 
ment, and networking. In contrast 
to the relatively modest number of 
large mainframe manufacturers, 
there are currently more than 60 
manufacturers of minicomputers, 
resulting in a keenly competitive 
situation. Dr. Davis also identified 
several subindustries that are prime 
fields for the application of 
minicomputers: automatic reading 
machines, computer research, 
process control, and automation. 
Dr. Davis concluded her remarks 
with the observation that the com- 
puter affords man the opportunity 
to exert a greater degree of control 
over his environment than ever be- 
fore and noted that the rapidly 
proliferating minicomputer will play 
a very significant part in attaining 
such a goal. 

Mr. Olsen, in his keynote ad- 
dress, discussed minicomputers in 
a philosophical key. He cited the 
difficulty of constructing an 
adequate definition of the term 
“minicomputer.” This _ difficulty 
arises in no small measure from the 
rapid pace at which the minicom- 
puter is evolving, with the capability 
of today’s small machines equalling 
or exceeding that of the early large- 
scale machines. It is also possible to 
configure a system in which the 
minicomputer is only a small part of 
the total investment. Mr. Olsen 
noted that, as in the case of larger 
machines, minicomputer software 
costs can exceed the hardware 
costs by a substantial factor. 

With a touch of whimsy, Mr. 
Olsen presented as the grandfather 
of the minicomputer the giant 
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“Whirlwind” computer constructed 
at MIT in the early 1950’s. It was 
not the size of this machine, with its 
thousands of vacuum tubes and 
towering equipment racks, to which 
Mr. Olsen was alluding, but rather 
the various features which it incor- 
porated. Among these were the 16- 
bit word, parallel arithmetic, ferrite 
core memory, magnetic tape, oscil- 
loscopic display, real-time clock, 
analog interface, and even an audio 
output device which could produce 
computer-generated tones. With re- 
gard to a suitable definition of the 
minicomputer, Mr. Olsen  con- 
cluded that its key attributes could 
be identified as compactness and 
ease of use in the sense of being ac- 
cessible to the user. 

Mr. Olsen recollected that when 
the first PDP-1 was installed at the 
Lincoln Laboratories, it was made 
available to any and all users 
without charge. This was an innova- 
tion that was greeted with great 
enthusiasm at the time. 

Computer people, according to 
Mr. Olsen, are prone to describe as 
“revolutionary” the major changes 
which have taken place in this fast- 
moving field. However, these 
“revolutions” actually proceeded 
very slowly at the time of their oc- 
currence and were generally ac- 
companied with much technical 
difficulty. Two major innovations 
were cited by Mr. Olsen as deserv- 
ing of being considered revolution- 
ary — magnetic cores and _tran- 
sistors, yet both of these were 
perfected only after years of pain- 
staking research and experimenta- 
tion. In his view, much of the best 
work at the present time is being 
done by users in specific applica- 
tion areas. 
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With regard to the possible im- 
pact of minicomputers on the mar- 
ket for larger machines, Mr. Olsen 
said that both classes of computers 
have sufficiently distinct roles to in- 
sure a continuing need for both. As 
an analogy, he contrasted the use of 
private automobiles with commer- 
cial airlines. The automobile is ac- 
cessible, flexible, easy to use, and 
may be used at the owner’s con- 


venience; the airline is rigidly 
scheduled and must be _ highly 


disciplined, with the emphasis on 
maximum utilization of facilities. 

Mr. Olsen concluded that the key 
attribute for success in the com- 
puter field is discipline, plus a 
large measure of patience. 

The escalating cost of software 
was of key concern to all symposi- 
um participants. Evidence of light 
at the end of the tunnel was 
proclaimed by Dr. David Waks, 
Vice President of Applied Data 
Research, Inc., in a talk entitled “A 
Revolution in Minicomputer Soft- 
ware Preparation.” Dr. Waks 
pointed out the desirability of com- 
piling programs on a considerably 
larger system than the minicom- 
puter system on which they are to 
run. With proper simulation tools 
and debugging aids, much of the 
program can be checked out on the 
larger system. While this approach 
offers great convenience, through 
the use of large-system facilities 
such as high-speed printers, card 
equipment, and_ displays, _ it 
generally suffers from the limitation 
of permitting only one user at a time 
to carry out debugging. 

The typical program development 
cycle was described as consisting of 
program modification, language 
processing, and debugging; the goal 
of an automated programming 
system is to optimize this cycle of 
activities in order to expedite the 
development process. Illustrative of 
such a programming system is 
MIMIC, which runs on a PDP-10 
computer and supports many of the 
common minicomputers. A set of 
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desiderata for the ideal automated 
programming system was presented 
by Dr. Waks: It should use a 
machine-independent higher level 
language, appropriate application 
languages should be available with 
algorithms for a range of tasks, lan- 
guages should be capable of being 
extended, the system should em- 
ploy time-sharing rather than batch 
mode, debugging should be possible 
at the level of the source language, 
debugged programs should be com- 
piled into efficient and compact 
programs for the target machine, 
the system should be economical, 
and there should be a means for the 
direct transfer of programs from the 
host machine to the target machine. 

Machine organization was 
discussed in the talk, “New Dimen- 
sions in Minicomputer Architec- 
ture — What It Means to the User,” 
presented by Dominik Archdale, 
Director of Marketing Operations 
for Interdata, Inc. He stated that 
new forms of logic and decreasing 
hardware costs are contributing to 
greatly increased flexibility in com- 
puter architecture. Special-purpose 
hardware, he said, can be provided 
for complex computations, execu- 
tion of unique algorithms, and spe- 
cialized tasks, such as_ the 
processing of telemetry data. 
Techniques for microprogramming 
are being implemented with a 
variety of new circuitry and offer 
the program designer the opportuni- 
ty to create specialized sets of in- 
structions. Mr. Archdale cautioned, 
however, that the effective use of 
this new flexibility requires a great 
deal of knowledge of both the hard- 
ware and the intended application; 
this requirement extends even 
beyond the knowledge presently 
required in the preparation of soft- 
ware. 

Guidelines on the procurement of 
minicomputers were presented in a 
panel discussion, “How to Buy a 
Minicomputer and Not Get 
Burned,” chaired by M. Pieter de 
Regt, of the Auerbach Corp. Martin 


Allen, of the Singer Co., dealt with 
the conversion of requirements into 


‘specifications and stressed the need 


to start with a careful examination 
of the task, rather than becoming 
preoccupied with hardware capa- 
bilities. The specification, he said, 
should be oriented toward the task 
rather than toward the hardware. In 
discussing system aspects, Frank 
Maczka, of Xerox Data Systems, 
cautioned against certain reoccur- 
ring planning deficiencies. He ad- 
vised that special attention should 
be given to failure modes and 
recovery procedures; he also urged 
that systems be implemented in 
stages in order to minimize the risks 
and the check-out problems. In 
reviewing programming aspects, 
Philip Stein, of the NBS Office of 
Measurement Services, stressed 
the need for acquiring in-house ex- 
pertise along with the installation of 
the minicomputer; otherwise sub- 
ject area specialists will become en- 
gulfed in programming and diverted 
away from their specialties. Mr. 
Stein scored the difficulties of pro- 
gram preparation on the minicom- 
puter with its limited storage and in- 
put/output facilities and noted that 
it is vastly better to use a cross-com- 
piler on a larger machine. 
Successful applications of 
minicomputers were discussed by 
several speakers. The high reliabili- 
ty attainable with these machines 
was described in a paper by Burt H. 
Liebowitz, of International Comput- 
ing Co., and Richard S. Wolf, of 
American Totalisator Co. For appli- 
cations in the field of business, the 
customer is increasingly turning to 
the computer supplier for a 
complete turnkey operation; this 
was the conclusion presented by 
Kenneth H. Kelly, of the Hewlett 
Packard Corp., and William F. von 
Meister, of Creative Associates, in 
describing an on-line data capture 
system developed for Western 
Union. Several examples were 
presented of minicomputers used in 
multiprocessor configurations for 
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real-time simulators, training aids, 
and process control by Paul L. 
Hazan of the Singer Co. 

The second panel, ““Minicompu- 
ters— Use and Abuse,” was chaired 
by Murray Stein, of the Interna- 
tional Computing Co. The im- 
portance of obtaining a fast program 
loading device was emphatically 
portrayed by Steven Silverman, of 
Computer Operations, Inc. Limiting 
factors in the application § of 
minicomputers, according to James 
Orris, of Varian, have in the past 
been speed and cost; however, 
technology and production have 
now overcome these factors and the 
future limitations are projected to 
be software and interfacing. In 
drawing the discussion to a close, 
Dr. Herbert R. J. Grosch, Senior 
Research Fellow at the NBS Center 
for Computer Sciences and 
Technology, offered the suggestion 
that many of the bright, creative 
minds currently exploring computer 
time-sharing might find more im- 
mediately productive tasks by turn- 
ing their energies to the harnessing 
of minicomputers for a spectrum of 
practical applications. 

The symposium concluded with 
tours of NBS laboratories where 


minicomputers are incorporated in 
laboratory measurement systems. 

The minicomputer symposium 
was regarded by its sponsors as an 
outstanding success, based upon 
the large attendance and the enthu- 
siasm exhibited by the audience. 
Numerous members of CCST, in 
addition to Dr. Davis, participated 
as officials, speakers, and commit- 
tee members. Staff members from 
laboratories throughout NBS, 
among the attendees, attested to the 
extensive interest in this timely sub- 
ject. 


NEW FIPS TASK GROUP ON 
OPTICAL CHARACTER 
RECOGNITION 


The NBS Center for Computer 
Sciences and Technology recently 
formed Federal Information 
Processing Standards Task Group 
No. 11, Optical Character Recogni- 
tion. The purpose of the Task Group 
is to determine the need for stand- 
ards and guidelines in the subject 
area and, as deemed necessary, to 
develop detailed recommendations 
for proposed Federal Information 
Processing Standards and/or tutori- 
al papers and guidelines for OCR 
users. 





Under its assigned program the 
Task Group is to: 

1. Survey the Federal community 
on the use or intended use of OCR 
with specific attention to character 
sets and codes and their relation- 
ship to ASCII Standards. 

2. Review the proposed FIPS 
PUB on Layout of Forms for OCR 
Input to determine its adequacy and 
need as a Federal Standard or 
Guideline. 

3. Identify and review industry 
proposed standards relating to OCR 
and recommend Federal Govern- 
ment positions on them as required. 

4. Identify documents, or ele- 
ments thereof, that should be 
proposed as Federal Standards. 

5. Develop and propose any FIPS 
PUBS required. 

6. Determine the need for and 
develop procedures to promote the 
writing and publication of tutorial 
papers and guidelines on OCR as 
advisory documents for users. 

Participation in this task group is 
being solicited through the In- 
teragency Committee on ADP. Any- 
one interested in contributing to 
these efforts should consult his 
agency’s principal member of the 
Interagency Committee on ADP. 





New Standard Helps Fight Mercury Pollution 


A new Standard Reference 
Material, SRM 1630, Trace Mercury 
in Coal, has been issued to assist in 
the Nation’s fight against mercury 
pollution. The standard is intended 
for use as a comparison material for 
determining the mercury content of 
unknown samples and for calibrat- 
ing and evaluating measuring in- 
struments. 

Mercury present in coal is added 
to the air through combustion, and 
then washed by rain into soil and 
waterways. Abnormal amounts of 
mercury have been found in water, 
fish, and game birds in at least 33 of 
the 50 States. 

It is known that mercury and 
mercury compounds, when accu- 
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mulated in the human body above 
certain levels, can cause irreversi- 
ble brain damage and death, and 
are equally toxic to most living crea- 
tures. Government, the scientific 
community, and industry have 
joined forces to track down the 
origins of excessive mercury levels 
in an effort to prevent the pollutant 
from contaminating water and food 
supplies. SRM 1630 represents one 
of several aspects of mercury pollu- 
tion being attacked by the Bureau. 
The new standard is a commer- 
cially available, low-bituminous coal 
ground to a particle size of 210 to 
500 micrometres, and certified as 
having a mercury content of 0.13 
parts per million (ppm) by weight. 


This provisional value is based upon 
neutron activation analysis. From a 
total of 500 packaged bottles, 30 
were randomly selected for analy- 
sis. Duplicate determinations were 
made on 0.5-g portions of 25 of these 
bottles, and single determinations 
were made on the other five. It is 
expected that the final certified 
value will not vary by more than 
+0.01 ppm from the provisionally 
certified value. 

SRM 1630 may be purchased in 
50-g units for $45 each from the Of- 
fice of Standard Reference Materi- 
als, Room B314, Chemistry Build- 
ing, National Bureau of Standards, 
Washington, D.C. 20234. Tele- 
phone: (301) 921-2045. 
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COMPUTER | | 


FEDERAL 
WOMAN’S 
AWARD 


Dr. Ruth M. Davis, Director of the 
Bureau’s Center for Computer 
Sciences and Technology, recently 
received the 1972 Federal Woman’s 
Award for the outstanding contribu- 
tions she has made throughout her 
Federal career. Six recipients are 
selected each year for the quality 
and efficiency of their Federal 
careers, their influence on major 


government programs, and _ their 
personal qualities of leadership, 


judgment, integrity, and dedication. 

Dr. Davis. a mathematician and 
physicist, is one of the country’s 
leaders in the field of computer 
technology. As Director of the Bu- 
reau’s Computer Center, she has 
legislative responsibility to advise 
the Office of Management and 
Budget and the General Services 
Administration on ADP manage- 
ment and procurement policies. 
These duties extend to assisting 
other Federal agencies on specific 
automation problems. 

Exhibiting superb technical com- 
petence and outstanding manageri- 
al ability, Dr. Davis has expanded 
her efforts beyond the improvement 
of the effective use of computers. 
She has attacked the larger 
problems of developing and main- 
taining a_ technological support 
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CHIEF 
WINS 


system, insuring that computer ser- 
vices really meet customer needs, 
and protecting the citizen’s right to 
privacy by limiting access to infor- 
mation stored in data banks. She 
has had notable success in resolving 
technological and policy obstacles 
that had hindered development of 
the full potential of the computer. 
Humanizing computer technology 
to reduce or eliminate undesirable 
impacts on the people it is intended 
to serve has also been one of her 
goals. 

Dr. Davis’ emphasis on_ per- 
formance measurement techniques 
rather than design standards, better 
software measurements, and _in- 
creased use of teleprocessing is ex- 
pected to result in savings of several 
hundred million dollars in the 
Federal sector alone. She is a leader 
in the application of automation 
technology to upgrade services for 
health care, environmental protec- 
tion, education, law enforcement, 
transportation, housing, and other 
socially significant areas. 

Dr. Davis began her Federal 
career in 1955 as a research mathe- 
matician in the Department of the 
Navy. and progressed through the 
Office of the Secretary of Defense 
where, as Staff Assistant for Intel- 





ligence and Reconnaissance, she 
became the first woman to hold a 
supergrade post in the Department 
of Defense. In 1967 she joined the 
National Institutes of Health’s Na- 
tional Library of Medicine as As- 
sociate Director for Research and 
Development and Director of the 
Lister Hill National Center for 
Biomedical Communications. In 
these posts she combined the ef- 
forts of the Federal Government 
and the health care community to 
improve biomedical communica- 
tions and to make computers more 
accessible to physicians in the 
delivery of health care services by 
applying computer networking and 
systems technology. 

Educated at American University 
(B.S., mathematics) and the Univer- 
sity of Maryland (M.A. and Ph. D., 
mathematics), Dr. Davis is a 
member of many professional socie- 
ties. She has served as consultant to 
the Republic of China on the use of 
management information systems. 
A recipient of numerous awards and 
commendations, she is a Visiting 
Professor of Computer Sciences at 
the University of Pittsburgh. She 
has taught at the University of 
Maryland and lectures at several 
other universities. 
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The NSRDS was established to make 
critically evaluated data in the 
physical available — to 
science and technology on a na- 
tional basis. The NSRDS is ad- 
ministered and coordinated by the 
NBS Office of Standard Reference 
Data. 


FIRST ISSUE OF JOURNAL OF 
PHYSICAL AND CHEMICAL 
REFERENCE DATA PUBLISHED 


The first issue of the new quar- 
terly, Journal of Physical and 
Chemical Reference Data, has been 
published by the American Chemi- 
cal Society and the American In- 
stitute of Physics for the National 
Bureau of Standards, U.S. Depart- 
ment of Commerce. The objectives, 
scope, and approach of the new 
journal were explained in an_ edi- 
torial by the Editor, David R. Lide, 
Jr., Chief, NBS Office of Standard 
Reference Data. The editorial is 
reprinted as follows: 


sciences 


This is the first issue of a new 
journal which we hope will fill an 
important gap in the literature of 
the physical sciences. The sub- 
ject matter of the journal is, in es- 
sence, the quantitative numerical 
data of physics and chemistry. 
The primary objective is to pro- 
vide reliable reference values of 
such property data for the use of 
physicists, chemists, and those in 
other disciplines. In this sense, 
the Journal of Physical and 
Chemical Reference Data can be 
viewed as a means of evaluating, 
systematizing, and compacting 
one of the major components of 
the primary research _litera- 
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ture—the quantitative property 
data which result from most ex- 
perimental research efforts. 

The problems brought about by 
the scientific information explo- 
sion have been discussed so 
frequently and so eloquently by 
others that it is hardly necessary 
to repeat them here. The last two 
decades have seen the traditional 
mechanisms for scientific com- 
munication severely _ strained. 
Major changes in both the prima- 
ry and secondary scientific litera- 
ture are taking place. and we can 
expect these trends to accelerate. 
All discussions of this subject 
emphasize the need for more and 
better reviews and compilations, 
which bring together the research 
results reported in widely 
dispersed journals and distill the 
essential information into a 
manageable package. 

The rapid growth of the litera- 
ture has accentuated another 
problem, that of assessing the 
quality of the published informa- 
tion. It is clearly not sufficient to 
retrieve every numerical value 
from the primary literature and 
make this mass of raw data 
available to a community of 
users. many of whom are unable 
to judge the reliability of the num- 
bers without great expenditure of 
effort. The universal experience 
of data evaluators is that an un- 
comfortably large fraction of the 
published data in almost every 
field is less accurate than the 
claims of the original investigator. 
More than that, very few authors 
give sufficient information on the 


details of their experimental mea- 
surements to allow a meaningful 
assessment of accuracy by an in- 
dependent party. 

The aim of this journal is to 
present, in a systematic manner, 
compilations of physical and 
chemical property data which 
have been critically evaluated by 
scientists who are knowledgeable 
in the pertinent field of research. 
The journal will not, however, be 
simply a collection of tables. The 
basic philosophy of the journal is 
that all compilations should be 
fully documented as to the source 
of the original measurements and 
the criteria used for selection and 
evaluation of the data. Thus many 
of the articles may take the form 
of critical reviews which discuss 
the sources of error in various ex- 
perimental techniques and_at- 
tempt to assess the over-all relia- 
bility of the data in a particular 
field. In addition to supplying 
data, we hope that such reviews 
will fulfill an educational function 
by pointing out both deficiencies 
in measurement practices and 
gaps in available information. 

The choice of a journal format 
for publishing reference data 
deserves further comment. The 
idea of a closed set of volumes 
such as the /nternational Critical 
Tables has great attraction from 
the standpoint of user con- 
venience, but the sheer volume of 
data makes such a publication in- 
feasible today. The journal format 
offers an advantage in currency, 
since evaluation projects of long 
duration will be able to submit 
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small sections of their total task 
for publication as soon as they are 
completed. Furthermore, we 
hope that the educational func- 
tions previously referred to will 
be better served by a periodical of 
this type. Finally, the journal 
should provide a means of con- 
ducting a dialogue among users, 


evaluators, and generators of 
data. A Comments section is 


planned in which readers will 
have an opportunity to challenge 
or expand upon the conclusions 
of authors. 

Another feature of the journal 
will be a section of Data Compila- 
tion Abstracts. These abstracts 
will cover compilations and 
reviews published elsewhere 
whose subject matter and ap- 
proach are similar to that of the 
Journal of Physical and Chemi- 
cal Reference Data. The abstracts 
will be indexed along with the ar- 
ticles which appear in the journal. 
In this way it is hoped that the 
journal will become an entry 
point to the rapidly growing world 
literature on evaluated property 
data. 

Notwithstanding the ad- 
vantages of a journal format, 
there is also a need for collected 
tables and monographs which 
give comprehensive coverage of 
the data in well-defined subject 
areas. We _ anticipate that 
Supplements to the Journal of 
Physical and Chemical Reference 
Data will be published at irregu- 
lar intervals. These book-length 
publications will comprise either 
collections of material which 
have appeared previously in the 
journal or new material which is 
too lengthy for the journal format. 
The Supplements will be an- 
nounced in the journal and in- 
cluded in the index. 

One of the functions of the 
Journal of Physical and Chemi- 
cal Reference Data is to provide 
an outlet for compilations and 
reviews produced by the National 
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Standard Reference Data 
System. The NSRDS is a syste- 
matic national program on data 
evaluation, coordinated and par- 
tially supported by the National 
Bureau of Standards. In addition, 
contributions from sources out- 
side this formal program will be 
encouraged. The participation of 
the American Institute of Physics 
and the American Chemical 
Society in sponsoring the journal 
is a recognition of the key role 
which individual scientists must 
play in this endeavor. We hope 
that the Journal of Physical and 
Chemical Reference Data will 
make its contribution to solving 
some of the complex problems of 
scientific communication. 


FIRST ISSUE CONTENTS 


Abstracts of the critical compila- 
tions included in the first issue are: 


GASEOUS DIFFUSION 
COEFFICIENTS 


T. R. Marrero and E. A. Mason 


Diffusion coefficients of binary 
mixtures of dilute gases are com- 
prehensively compiled, critically 
evaluated, and correlated by new 
semi-empirical expressions. There 
are 74 systems for which the data 
are sufficiently extensive, con- 
sistent, and accurate to allow diffu- 
sion coefficients to be recom- 
mended with confidence. Deviation 
plots are given for most of these 
systems. Almost every gaseous dif- 
fusion coefficient which was experi- 
mentally determined and reported 
prior to 1970 can be obtained from 
the annotated bibliography and 
table of gas pairs. 

A detailed analysis of experimen- 
tal methods is given, and intercom- 
parison of their results helps 
establish reliability limits for the 
data, which depend strongly on 
temperature. Direct measurements 
are supplemented by calculations 
based on knowledge of intermolecu- 
lar forces derived from independent 
sources— molecular beam scatter- 


ing for high temperatures, and Lon- 
don dispersion constants for low 
temperatures. In addition, diffusion 
coefficients for several mixtures are 
obtained from experimental data on 
mixture viscosities and thermal dif- 
fusion factors. Combination of all 
these results gives diffusion coeffi- 
cients over a very extensive tem- 
perature range, from very low tem- 
peratures to 10,000 K. 

All data are corrected for com- 
position dependence and for quan- 
tum effects. New semi-empirical 
equations are derived for making 
such corrections easily. 


SELECTED VALUES OF CRITICAL 
SUPERSATURATION FOR 
NUCLEATION OF LIQUIDS FROM 
THE VAPOR 


G. M. Pound 


Selected values of critical super- 
saturations for homogeneous 
nucleation of droplets from the 
vapor and for heterogeneous 
nucleation of droplets on the natural 
stationary concentration of gaseous 
ions are tabulated and plotted. A ra- 
tionale is given for selection of these 
data. 


SELECTED VALUES OF 
EVAPORATION AND 
CONDENSATION COEFFICIENTS 
FOR SIMPLE SUBSTANCES 
G. M. Pound 

Tables of selected data on the 
coefficients of evaporation and con- 
densation far from equilibrium for 
simple substances are presented, 
together with a rationale for the ex- 
clusion or choice of data and an 
estimate of the precision measure. 


ATLAS OF THE OBSERVED 
ABSORPTION SPECTRUM OF 
CARBON MONOXIDE BETWEEN 
1060 AND 1900 


S. G. Tilford and J. D. Simmons 
This atlas summarizes the results 
of a recent investigation of the car- 
bon monoxide absorption spectrum 
between 1060 and 1900 A. Twelve 
electronic transitions are observed 
in this region: four electric dipole 
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allowed electric transitions from the 
ground state X '2+ to the A ‘II, B 
'¥+, C 'X—, and E 'Il states, and 
eight forbidden transitions to the a’ 
33+, e 2Z—, a 311, D 'A, d2Ai, I 'S-, 7 
33+, and c *II states. The following 
items are presented in the atlas: 

1. A photograph of the spectrum 
with band assignments; 

2. a table of band head measure- 
ments and assignments arranged 
by wavelength; 

3. a summary of the spectroscop- 
ic constants and potential curve for 
each electronic state; 

4. a line list, arranged by wave- 
length, of the observed rotational 
lines of the allowed transitions. 


TABLES OF MOLECULAR 
VIBRATIONAL FREQUENCIES 


T. Shimanouchi 


The compilations of fundamental 
vibrational frequencies of 
molecules previously published as 
NSRDS-NBS-6, NSRDS-NBS-11, 
NSRDS-NBS-17, and NSRDS-NBS- 
39, are extended to 58 additional 
molecules. Selected values of the 


fundamental vibrational frequen- 
cies are given for each molecule, 
together with observed infrared and 
Raman spectral data and citations 
to the original literature. The selec- 
tion of vibrational fundamentals has 
been based on careful studies of the 
spectral data and comprehensive 
normal-coordinate analyses. An 
estimate of the accuracy of the 
selected values is included. The ta- 
bles provide a convenient source of 
information for those who require 
vibrational energy levels and re- 
lated properties in molecular spec- 
troscopy, thermodynamics, analyti- 
cal chemistry, and other fields of 
physics and chemistry. 
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